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D i f f e r e n t i a l  F l u o r i m e t r i c  E s t i m a t i o n  of  
A d r e n a l i n  a nd  N o r a d r e n a l i n  

Fluor imet r ic  m e thods  for the  different ial  e s t ima t ion  of 
adrenal in  and noradrenal in ,  based on the  oxida t ion  of 
these  amines  to the  cor responding  3, 5, 6 - t r ihydroxy-  
indoles, adrenolu t ine  and  noradrenolu t ine ,  differ f rom 
one ano the r  by  the  use of var ious  oxidants ,  the  p H  a t  
which ox ida t ion  is per formed,  and the  selection of dif- 
fe rent  exc i ta t ion  and  f luorescence wavelengths1-3.  

In  the  more  recen t  m e t h o d  of MERRILLS 6"7, as  well as 
in its modif ica t ion  by  ROBINSON and  WATTS s, t h e  fluores- 
cence due to  bo th  adrenal in  and  noradrena l in  is measured  
in the  presence of alkaline ascorbate ,  whereas  thioglycoll ic 
acid is used as a s tabi l izer  for the  m e a s u r e m e n t  of the  
f luorescence due to noradrena l in  only. Indeed,  the  flu- 
orescence due to  adrena l in  is immed ia t e ly  and a lmos t  
comple te ly  suppressed  when  thioglycoll ic acid is used in 
place of ascorbic acid. However ,  a rapid  decline also oc- 
curs for the  noradrena l in  fluorescence. In  fact  th is  
method ,  which  was developed as a n  au toana ly t ica l  pro-  
cedure,  requires  ve ry  careful  t iming  and is r a the r  difficult  
to app ly  manual ly .  

The m e t h o d  descr ibed here for the  different ial  fluori- 
metr ic  e s t ima t ion  of adrenal in  and noradrena l in  has  been  
adap t ed  main ly  f rom the  techniques  of ANTON and  
SAYRI~ 5, MERRILLS 6,7, and  ROBINSON and WATTS s. I t  has  
the  advan t age  of s impl ic i ty  and  high sensi t ivi ty .  

Technique. Reagen t s :  (1) KaFe(CN)6 0.25% in water .  
(2) 0 .5M p h o s p h a t e  buffer ,  p H  7.0: br ing a 1 M  KH2PO 4 
solut ion to  p H  7 by  means  of 1 N  N a O H  and dilute to  
0 .SM wi th  water .  (3) Alkaline ascorbate :  10 mg ascorbic 
acid, 0.1 ml water ,  5 ml  10N N a O H ;  prepare  fresh daily.  
(4) Cysteine-thioglycol l ic  ac id-e thanol  mix tu re  : 1% 
cysteine,  0.01% (v/v) thioglycoll ic acid (80%) and 5% 
(v/v) e thano l  in 10N N a O H ;  prepare  fresh dai ly and  
centr i fuge before use. 

Procedure .  (1) E s t i m a t i o n  of adrenal in  § noradrena l in  : 
to 0.2 ml  of ca techo lamine  solut ion in 0 .01N HC1, add  
0.017 ml of p h o s p h a t e  buffer,  p H  7 (resulting in p H  6.8), 
and  0.02 ml  of KaFe(CN)6; af ter  1 min add  0.2 ml of 

alkaline ascorbate  and 0.5 ml  of wate r ;  af ter  shaking,  
measure  the  re la t ive f luorescence a t  exc i ta t ion  and flu- 
orescence wave leng ths  of 409 n m  and  519 n m  respect ively;  
a b lank  is ob ta ined  by  omi t t ing  KaFe(CN)6, (2) Es t ima-  
t ion of noradrena l in  only  is done by  using a cysteine-  
thioglycoll ic ac id-e thanol  mix tu re  in place of alkaline 
ascorbate  as stabil izer  and  measur ing  the  fluorescence 
15 min later.  

The course of s tabi l izat ion for b o t h  ca techolamines  (0.1 
/~g/ml 0 .01N HC1) in func t ion  of t ime shows (Figure 1) 
t h a t  in the  presence  of cyste ine- thioglycol l ic  acid the  
adrenal in  f luorescence is reduced to zero wi th in  15 min,  
whereas  a t  t h a t  t ime the  f luorescence due to  noradrena l in  
can still be ve ry  adequa te ly  measured.  The f luorescence 
for b o t h  adrenal in  and noradrena l in  in the  0.01-0.1/~g/ml 
range is i l lus t ra ted  in Figure 2. 

Calculation. The absolute  quant i t ies  of adrenal in  and  
noradrena l in  are calculated using the  following formulas :  

a X 1 and  x2 = Y 1 -  ( Y ~ -  Y1/a)xl 
xl -- X ~ -  X1 Y a -  Y1/b 

where:  x t -- concen t ra t ion  of noradrena l in  in #g/ml;  

x 2 = concen t ra t ion  of adrenal in  in/~g/ml;  

a -- q u a n t i t y  of noradrena l in  used as in ternal  
s t an d a rd  ; 

b - q u a n t i t y  of adrenal in  used as in ternal  
s t an d a rd  ; 

Yt -- f luorescence of adrenal in  -t- noradrena l in  in 
u n k n o w n  sample  ; 

Y2 = f luorescence of u n k n o w n  sample  + in ternal  
noradrena l in  s t a n d a r d  ; 

Y~ = fluorescence of u n k n o w n  sample  + in ternal  
adrenal in  s t an d a rd  ; 

X 1 = f luorescence of u n k n o w n  sample ;  

X 2 = f luorescence of u n k n o w n  sample  § in ternal  
noradrena l in  s t andard .  

Results. The results  of es t imat ions  of 3 different  pro-  
por t ions  of noradrena l in  (NA) and  adrenal in  (A) concen- 
t ra t ions  are given in the  Table.  
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Concentration 
of CA in sample 
in/zg/ml 

NA 0.05 
A 0.03 

X1 X2 Y1 Y2 Y3 xl x2 

NA 0.03 
A 0.08 

NA 0.08 
A 0.02 

15 47 23 47 60 0 ,047  0.031 

10 42 37 62 73.5 0.031 0.080 

24 54 26 51 60 0 .080  0.018 
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Zusammen[assung. Einfache  und  empf ind l iche  Methode  
z u r  different iel len : f luor imetr i schen ]3es t immung yon 
0.01-1 pg /ml  Menge yon Adrenal in  und  Noradrenal in .  
Die Oxyda t ion  wird mi t  KsFe(CN)e bei p H  6.8 durch-  
geffihrt.  N a c h d e m  die f luorescierenden Der iva te  yon  
Adrenal in  und  Noradrena l in  sowie von  Noradrena l in  
allein mi t te l s  bas ischem Askorba t  bzw. Cyste in-Thio-  

glykolsAure s tabi l is ier t  worden  sind, wird  die Fluorescenz  
bei 409 rim und  519 n m  gemessen% 
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Measurements of the Flow of Aqueous Humor 
According to a New Principle 

Though several  me thods  have  been devised for deter-  
mining the  flow of aqueous humor ,  none of t h e m  is suffi- 
c ient ly per fec t  to  make  a new approach  to  the  p rob lem 
uninteres t ing.  The me thod  to be described,  which  aims 
at  a de te rmina t ion  of the  flow th rough  the  pupil ,  is based 
on the following observat ions .  

If  f luorescein in a solut ion is insti l led into the  conjunc-  
rival sack it pene t ra t e s  the  cornea and  colours the  
aqueous humor .  The pene t ra t ion  can be enhanced  by  
iontophoresis ,  and in ca. 15 rain the  aqueous humor  is 
s t rongly  coloured. By m o v e m e n t s  of the  eye the  s ta ining 
of the con t en t  of the  anter ior  chambe r  can be made  fairly 
homogeneous.  The me thod  relies on the  fact  t h a t  the  
newly- formed aqueous h u m o r  which emerges f rom the  
pupil  is uncoloured and remains  observable  as a clear, 
slowly increasing volume,  well demarca t ed  against  the  
green con t en t  of the  anter ior  chambe r  for up to abou t  30 
sec (Figure 1). Af ter  t h a t  t ime convect ion  and  diffusion 
make the  boundar ies  of the  volume indis t inc t  and 
'Schl ieren '  are formed.  However ,  the  con t en t  can be 
mixed again and the  growing volume can be observed 
anew an a rb i t r a ry  n u m b e r  of t imes. A flow value in abso- 
lute uni ts  migh t  be ob ta ined  if the  volume of the  clear- 
growing 'vesicle '  could be measured  on 2 occasions a t  a 
known interval .  

A m e t h o d  for e s t ima t ing  the  volume of superficial  
turnouts  by  means  of 'L i ch tebeneschn i t t e '  has  recent ly  
been descr ibed 1. A n u m b e r  of parallel  equ id i s t an t  slits 
are p ro jec ted  over the surface of the  tumour .  This is 
p h o t o g r a p h e d  f rom an angle, f ixed to the  pro jec tor  axis. 
On the  p h o t o g r a p h  a series of lines are seen, dev ia t ing  
over  the  surface of the  tumour .  The areas be tween  the  
devia t ions  and the  cor responding  base lines are plani-  
mete red  and  the  volume is easily e s t ima ted  when  the  
d is tance  be tween  the  slit images is known.  In  t ry ing  to 
app ly  th is  new m e t h o d  to  the  p resen t  s i tuat ion,  i t  had  to  
be modif ied by  tak ing  a series of single slit  p ic tures  in 
rapid succession (12/sec) wi th  a cine-camera.  The dis tance  
be tween  the  ad jacen t  slit images was 0.28 m m  (Figure 2). 

The bes t  measur ing  condi t ions  are ob ta ined  wi th  miotic 
pupils.  The  convect ion  cur ren ts  in the  an te r ior  chamb e r  
m a y  d i s tu rb  the  format ion  of a well-defined 'vesicle '  bu t  
i t  seems to  be possible to mas t e r  this  d i f f icul ty  by, for 
in s t ance ,  i r r igat ion of the  cornea wi th  w a r m  or cold water .  
A n u m b e r  of expe r imen t s  on rabb i t s  have  given f low 
values  inside the  normal  range (1.5-3.8 mma/min).  A1- 

Fig. 1. Slit image giving an optical section through the auterior 
chamber; e -- cornea, i = iris. The content is fluorescent apart from 
a clear 'vesicle' (v) at the pupillary border. Beneath the 'vesick' is 

the corneal reflex (r). 
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Fig. 2. Schematic diagram of measuring device. S = slit, illuminated 
from behind, which is projected on the eye (E) and photographed (F). 
The positions of the sections in a series of exposures and the cor- 

responding images are shown. 
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